Adult male fatty and lean rats of Zucker strain were given access ad libitum to either a single nutritionally complete diet, or a self selection regime with separate sources of three macronutrients, protein (casein), fat (hydrogenated coconut oil), and carbohydrate (sucrose). Animals on the single diet were fed on a powdered stock diet, and then switched to the self-selection regime. Energy intake on the self-selection regime was the same as that for the single diet condition in both fatty and lean rats. Fatty rats consumed 45% more energy than did their lean littermates. Further, fatty rats selected 47.0% of their total calories as protein, 30.1% as fat, and 22.9% as carbohydrate. The respective per centages for lean rats were 56.1, 13.0 and 30.9. In lean rats, the injection of insulin (10U/kg) or 2-deoxy-D-glucose (500mg/kg, 2DG) failed to increase energy intake, but increased carbohydrate intake 2 times by attenuating protein intake. Also in fatty rats, insulin did not increase energy intake, but it did increase carbohydrate by 50% by attenuating fat intake. 2DG decreased energy intake by attenuating carbohydrate and fat intakes in fatty rats. Fatty rats were slightly less hypoglycemic to insulin, but more hyperglycemic to 2DG than lean rats. These different self-selec tion patterns of fatty rats seemed to be associated with their endocrine, metabolic, and behavioral abnormalities.
Summary
Adult male fatty and lean rats of Zucker strain were given access ad libitum to either a single nutritionally complete diet, or a self selection regime with separate sources of three macronutrients, protein (casein), fat (hydrogenated coconut oil), and carbohydrate (sucrose). Animals on the single diet were fed on a powdered stock diet, and then switched to the self-selection regime. Energy intake on the self-selection regime was the same as that for the single diet condition in both fatty and lean rats. Fatty rats consumed 45% more energy than did their lean littermates. Further, fatty rats selected 47.0% of their total calories as protein, 30.1% as fat, and 22.9% as carbohydrate. The respective per centages for lean rats were 56.1, 13.0 and 30.9. In lean rats, the injection of insulin (10U/kg) or 2-deoxy-D-glucose (500mg/kg, 2DG) failed to increase energy intake, but increased carbohydrate intake 2 times by attenuating protein intake. Also in fatty rats, insulin did not increase energy intake, but it did increase carbohydrate by 50% by attenuating fat intake. 2DG decreased energy intake by attenuating carbohydrate and fat intakes in fatty rats. Fatty rats were slightly less hypoglycemic to insulin, but more hyperglycemic to 2DG than lean rats. These different self-selec tion patterns of fatty rats seemed to be associated with their endocrine, metabolic, and behavioral abnormalities. Key Words diet selection, glucoprivation, obesity Hyperphagia is a common factor in obesity (1) . However, in most experiments documenting hyperphagia in obese animals, the animals were provided with access to only a single nutritionally complete diet. One problem with experiments of this nature is that it is impossible to determine if the increases in food intake reflect modifications in energy requirements or in the need for specific nutrients. One way to overcome this problem is to provide animals with separate sources of three macronutrients, protein, fat, and carbohydrate.
In the preceding report, we employed this method of diet presentation to show that, in Sprague-Dawley rats, dietary self-selection was governed by body energy status (2) . The feeding patterns of Zucker fatty rats are different from those of their lean littermates in several ways (3) (4) (5) (6) . We reported that fatty rats showed impaired responses of food intake to brain glucoprivation , loss of body storage of energy, or decreased assimilation of body energy (7) . Furthermore, their food consumption was very sensitive to changes in circulating insulin levels caused by streptozotocin or insulin administration (7) .
The present study was undertaken to determine if Zucker fatty rats were hyperphagic when given a dietary self-selection regime , and if dietary self-selection patterns of the rats could be modified by glucoprivation. subcutaneously with saline on day 20, and divided into two groups. One group received a subcutaneous injection of insulin (10U/kg) and the other received a subcutaneous injection of 2DG (500mg/kg) on day 21 after the self-selection regime. Rats were given no diet for 3h after injection, and blood samples were taken by cutting the tips of tails at 0, 1, 2, and 3h after injection. Blood glucose was determined by the glucose oxidase method (8) . Statistical analysis. The data reported are the means with their standard errors, and statistical significance was determined between means by use of Student's unpaired t-test (9 Response of blood glucose to insulin and 2DG Insulin produced a marked hypoglycemia and 2DG a marked hyperglycemia in both lean and fatty rats (Table 2) . However, fatty rats, compared to lean rats, showed a less hypoglycemic response to insulin, but a more hyperglycemic re sponse to 2DG.
METHODS

DISCUSSION
The results of this study demonstrate that both lean and fatty rats given a dietary self-selection regime with separate sources of the three macronutrientsprotein, carbohydrate, and fat-consume the same amounts of energy as rats fed on a nutritionally complete single diet. However, there was a distinct difference between lean and fatty rats in dietary self-selection patterns. Fatty rats pre ferentially consumed fat. Their absolute and percent fat intake was, respectively, 3.3 and 2.3 times greater than that of lean rats. These results are consistent with the recent report of a dietary self-selection experiment in which Zucker fatty rats were hyperphagic and consumed excessive fat (10) . These data suggest that the enhanced appetite for fat may reflect a behavioral mechanism that is related to the lipid storing predisposition of these rats (11) (12) (13) . In the preceding paper (2), we observed an inverse relation between fat intake and body energy storage in Sprague-Dawley rats. Although excessive fat accu mulates in fatty rats (11) (12) (13) , such a relation was not observed in the present experiment. Furthermore, fatty rats fail to increase their food intake when fed an energy-diluted diet (3), and when large amounts of energy are lost as urinary glucose in diabetes induced by streptozotocin (17) . These results suggest that a negative feedback mechanism is not responsible for the regulation of energy intake in fatty rats.
A large number of investigators have observed that rats in the single diet condition increase their food intake in response to a hypoglycemic emergency produced by insulin injection (7, (14) (15) (16) (17) (18) or to decreased glucose utilization produced by injection of 2DG (7, (18) (19) (20) (21) . However, when maintained on the self-selection regime, neither lean nor fatty rats were hyperphagic, but selectively consumed carbohydrate in response to insulin. In contrast to carbohydrate intake, protein intake in lean rats and fat intake in fatty rats decreased as a function of insulin administration. A similar modification in selection pattern was observed in lean rats injected with 2DG.
The alterations found in dietary self-selection patterns following the adminis tration of insulin or 2DG reflect the animal's attempt to restore homeostatic balance to its internal milieu. Both insulin and 2DG lead to a decrease in glucose availability at glucoreceptors within the central nervous system (CNS). Feeding during glucoprivation provides exogenous glucose and thereby increases glucose availa bility to the CNS. Among the three macronutrients, it may be presumed that ingestion of carbohydrate following insulin or 2DG administration would result in the most rapid elevations in glucose availability. The increase in food intake typically observed following insulin or 2DG administration, thus may be a consequence of a specific need for carbohydrate rather than a general requirement for energy. The fact that total energy intake was not elevated for animals maintained on the self-selection regime supports this conclusion. In fatty rats 2DG did not produce hyperphagia, but a marked hyperglycemia, indicating that fatty rats detect glucoprivation induced by 2DG injection. Therefore, it appears that in these rats feeding and hyperglycemia are dissociable; hyperglycemia occurs, but feeding does not. Fatty rats, even when fed on a single diet, fail to increase their food intake to 2DG-injection in spite of a marked hyperglycemia (7) . Therefore, the glucosensitive site that is responsive for feeding elicited by 2DG appears to be im paired in fatty rats.
Numerous investigators have established that obesity is not a unitary disorder; it can be associated with a variety of different endocrine, metabolic and behavioral parameters (1, (22) (23) (24) (25) . The present results, in conjunction with data from our preceding experiments (2) , demonstrate that patterns of diet selection also differ among animals with different forms of experimental obesity. These differences may have important implications for the study of obesity, as patterns of diet selection may reflect underlying metabolic regulation mechanisms.
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